It has been suggested that people with Autism Spectrum Conditions (ASC) are attracted to computer-mediated communication (CMC). In this study, several open questions regarding CMC use in people with ASC which are investigated. We compare CMC use in adults with high-functioning ASC (N = 113) and a control group (N = 72). We find that people with ASC (1) spend more time on CMC than controls, (2) are more positive about CMC, (3) report relatively high levels of online social life satisfaction, and that (4) CMC use is negatively related to satisfaction with life for people with ASC. Our results indicate that the ASC subjects in this study use CMC at least as enthusiastically as controls, and are proficient and successful in its use.
Method

Participants
Since this study focuses on people that use the Internet for computer-mediated communication, participant requests were primarily distributed via online channels. For the ASC group, a request to participate was posted on the LinkedIn discussion group "Autisme Ten Top" (Autism Par Excellence), the websites and newsletters from autism organizations NVA (Nederlandse Vereniging voor Autisme or Dutch Association for Autism, originally a parent organization) and PAS ("Personen uit het Autisme Spectrum" or Persons from the Autism Spectrum, an organization for and by adults on the spectrum, with normal to high intelligence) and the autism discussion group "Autsider." In addition, some recruiting was done through one of the authors' personal network, and several health care organizations were asked to cooperate in finding candidates, for instance during an open house (April 2010) and through e-mail and telephone requests.
For the non-ASC group, recruitment was more complicated, because there is no online platform for the 'general' individual. We therefore asked students and acquaintances to invite people in their network to participate, and if possible to forward the request to others in their social network. We deliberately did not invite people from our own network to participate, but made sure that he invitation was sent at least one degree further to reduce the selection bias of middle-aged, highly educated individuals and collect a sample that is as similar as possible to the ASC group. To this end, we also explicitly asked to distribute the request over younger and older people, of different educational levels, and throughout the country. Another prerequisite for participation was that individuals were familiar with online communication, again to ensure similarity between the ASC and the control group.
It should be noted that as our subjects are people that use online communication channels, our findings do not generalize to people that do not use CMC, or to non-highfunctioning ASCs, as we will discuss in the discussion section.
We received data from 203 individuals, but in one case, the caregiver instead of the individual with ASC themselves completed the survey and two respondents did not meet the requirement that respondents needed to be at least 18 years old, so these responses were not included. Due to technical problems 20 questionnaires were incomplete and are not included in each analysis reported below. Information on gender was available from 183 respondents, with 90 men and 93 women in the sample. Respondents were asked whether they had a diagnosis in the autism spectrum. Respondents were considered to belong to the ASC group if they answered yes to this question (108 individuals), or if they self-identified as ASC in their comments (5 individuals). We included the self-identified ASC in the ASC group, since these individuals indicated that they are certain that they classify as ASC.
2 Based on these criteria, the ASC group counted 113 respondents, and the control group 72 respondents. Table 1 provides demographic statistics on the subjects.
[insert Table 1 here]
The recruitment method resulted in a higher-than-average level of education in both the control and the ASC group. We included a question about the completed and the uncompleted level of education, which indicates subjects that are still enrolled at a school, or have dropped out. Since ASCs tend to have more difficulties with the transition from school to college (VanBergeijk, Klin, & Volkmar, 2008) , the uncompleted level of education may
give a better indication of their intellectual capabilities than the completed level of education. expected of a group of high-functioning ASCs versus a control group recruited via students and acquaintances of researchers, and we have no evidence that the differences are of a quality that they can explain differences in perceptions of CMC.
Measures and Procedure
The survey was held from May 25, 2010 to June 25, 2010. The survey was conducted in Dutch, using an online survey tool. Two € 15 book vouchers were raffled off among all respondents who had completed the survey and had entered their e-mail address for this goal.
All persons gave their informed consent prior to their participation in the study.
Internet and CMC use. Internet use and CMC use were measured in hours per week, calculated from the number of days per week (1-7) or per month (1-3), and hours per day (0 -10 hrs or more, in half hour blocks) that respondents spent online or on CMC. This way of measuring internet and CMC usage was based on the method used by Valkenburg & Peter (2007) , except here no distinction was made between weekdays and weekends. To get a more specific picture of the channels used, we asked people to indicate for nine different channels how often they used this channel. Answers were scored on a 6-point scale, ranging from 5 (more than 2 times per day) to 0 (less than once per month). In addition, respondents were asked if they had found friends or acquaintances through CMC that they would not have known otherwise. If they indicated that they did, they were further asked to indicate how many friends and acquaintances they found through CMC. Finally, we measured appreciation of CMC with 5 items regarding the value a respondent places on different aspects of online communication. The items were scored on a 7-point Likert scale, ranging from 1 (totally disagree) to 7 (totally agree) and had a good internal consistency, α = .84.
Characteristics of CMC.
We assessed the perceived advantages and disadvantages of CMC with two types of questions. We first asked in two open questions to list the advantages and disadvantages of CMC as perceived by the respondent. The answers to these open-ended questions were categorized, based both on the answers themselves, and on the themes found in the literature. These fine-grained categories were collapsed into major clusters, 9 for advantages, and 8 for disadvantages.
Second, we presented respondents with a list of statements about CMC, which was created based on the advantages that had been reported in previous studies (e.g. Benford & Standen, 2009; Burke, et al., 2010 Table 5 for the complete list). The satisfaction scales each consisted of 5 items measured on a 7-point Likert scale following Diener's satisfaction with life scale (Diener, Emmons, Larsen, & Griffin, 1985) . Scores could range from 1 (totally disagree) to 7 (totally agree). The loneliness scale consisted of 6 items based on the UCLA Loneliness Scale (Russell, Peplau, & Cutrona, 1980) , for example 'Do you ever feel lonely?'. These items were measured on a 5-point Likert scale with answer categories ranging from 5 (never) to 1 (always). Answers were scored such that higher scores represent less loneliness.
Autism Spectrum Quotient (AQ).
As an additional check for the distinction between people with and without ASD, participants were asked to fill out the AQ, a self-report questionnaire, originally developed by Baron-Cohen, Wheelwright, Skinner, Martin, and Clubley (2001) . The translation used here was the Dutch Autism Spectrum Quotient (Hoekstra, Bartels, Cath, & Boomsma, 2008) . The reliability of the scale was good α = .96, and the ASC group scored significantly higher (M = 34.68, SD = 7.88) than the controls (M = 13.59, SD = 8.10), t(179) = 17.29, p < .001, r 2 = .67, see also Table 1 . Three out of the 72 controls scored an AQ above the commonly suggested threshold of 32, but we decided to still treat them as controls and not re-assign them to the ASC group as they were recruited as controls. The full questionnaire that was used is available online (Blinded) and in (Blinded). Table 2 .
Results
Internet and CMC use
[insert Table 2 here]
People with ASC also answered significantly more often "yes" to the question whether they had found friends or acquaintances through CMC that they would not have known otherwise more often than controls (67.9% of ASCs vs. 42.3% of controls, χ 2 (1) = 11.58, p < .001). The MANOVA reported above showed that this difference only manifested for acquaintances and not friends. For both groups we found that the number of new acquaintances was higher than the number of new friends, which is in line with earlier findings that CMC mostly fosters weak ties (Ellison et al., 2007; Turner, Grube, & Meyers, 2001 ). However, ASCs and controls might have different operational definitions of "friends"
and "acquaintances," a point we address in the discussion section.
We further investigated which specific channels are used more often by people with ASC than controls. Because usage of channels was not normally distributed, we conducted Mann-Whitney tests and found that the only channel used significantly more by people with ASC was formed by discussion sites, U = 2562, z = -4.08 (median and mean number of use are given in Table 3 ).
[insert Table 3 here] However, this difference can be explained by the differences in recruitment for people with and without ASC, as recruitment for ASC relied more on requests posted on discussion sites than for controls. So, although people with ASC report spending more time using CMC, the difference cannot be found for most of the specific channels we investigated. It should be noted, however, that for most channels other than e-mail, ratings were very low, which severely restricts the possibility to find an effect.
In general, these results indicate that Internet use, CMC use, and number of acquaintances found online of respondents with ASC is greater than that of the control group and also that people with ASC value CMC more than controls. This is in line with our first hypothesis that people with ASC are especially attracted to CMC.
Characteristics of CMC
Having established that people with ASC make more use of CMC, we next to the slower pace in CMC and controls most often list advantages which relate to the convenience of CMC (see Table 4 for the categories and the comparisons). There was no difference between the groups for the disadvantages, F(8, 175) = 0.75, p = .65.
[insert Table 4 here] Second, we analyzed the ratings given to the 40 characteristics we formulated beforehand. Many of these features are named as beneficial in general (e.g. "Online I don't have to react instantly"), but some are seen as specifically advantageous for ASCs (e.g.
"Online I don't have to pay attention to someone's facial expression"). Therefore, ASCs were expected to endorse a higher number of these statements, and endorse them more intensely.
We first performed factor analyses to identify the underlying constructs for the 40 characteristics to make further analyses more manageable. We followed recommendations from Costello & Osborne (2005) and used principal axis factors as extraction method because the scores on the individual items were not normally distributed. Based on the scree plot we decided how many factors to extract and we used direct oblimin rotation because we expect our factors to be correlated, given that they all measure aspects of CMC. We decided to exclude items with communalities lower than .40 because this indicates that the item is not related strong enough to other items in the analysis. After four rounds of excluding items three factors emerged which made theoretical sense, had at least five items, and had a good internal consistency, as described in the methods section. Factor loadings on the final three factors are presented in Table 5 . We then performed a MANOVA with the scores on the three scales as dependent variables and group (ASC or control) as fixed factor. It yielded a significant multivariate effect, F(3, 176) = 26.31, p < .001, η p 2 = .31. Moreover, it revealed significant differences between the ratings given by people with ASC and controls on all three subscales. As can be seen in Table 5 , people with ASC perceive the timing of CMC to be more of an advantage than controls, they perceive the isolated communication context as more of an advantage and they perceive the relative ease to express oneself as more of an advantage.
[insert Table 5 here]
In fact, controls don't perceive the isolated communication context as an advantage at all, as their rating is below 50, whereas ratings of people with ASC are well above 50, and significantly so (t(108) = 11.89, p < .001).
When we compare the top-3 items of people with ASC and controls we see that both groups give high ratings to the fact that "Online I can communicate while being alone" and "Online I can choose at what time I want to communicate with others." For people with ASC the characteristic with the third highest rating is "Online I don't have to react instantly" which is fourth for controls. An interesting discrepancy emerges for controls' third rank, which is "I can combine online communication with other tasks", a characteristic which ranks 21 for people with ASC. It thus seems that there is quite some overlap in the characteristics of CMC which are seen as most advantageous, but there are also meaningful differences which are in line with the characteristics of ASC, because given their difficulty with multitasking, they do not perceive it as a strong advantage that CMC can be combined with other tasks.
In general, one can say that people with ASC ascribe more positive ratings to most characteristics of CMC than controls, as hypothesized. They see advantages in many characteristics of CMC, which is in line with their higher appreciation scores for CMC.
CMC and well-being
As a final step, we looked at several different outcome variables, to see whether CMC use in people with ASC affects satisfaction with different aspects of life. As a first step we investigated whether people with ASC and controls differ on the three satisfaction with life scales using a repeated measures ANOVA. We expected that people with ASC would have lower general life satisfaction, but we expected this difference to be less pronounced for their online social life, as the online social life should be easier for them to manage. There was a significant main effect for group, F(1, 173) = 63.06, p < .001, η p 2 = .27, indicating that people with ASC report lower satisfaction than controls. There was also a significant main effect for type of outcome, F(2, 346) = 18.85, p < .001, η p 2 = .107, indicating that scores for the three domains of satisfaction differ. Most importantly, and in line with our hypothesis, there was a significant interaction effect, F(2, 346) = 30.29, p < .001, η p 2 = .15, indicating that the difference in satisfaction scores between the ASC group and the control group was not the same across the three domains. As can be seen in Figure 1 , the difference in satisfaction between the two groups is much smaller when asked about their online social life as compared to their social life and life in general.
[insert Figure 1 here]
Furthermore, one-sample t-tests revealed that, whereas the mean satisfaction with their social life and their life is significantly lower than 4 (the mid-point of the scale), t(109) = -4.27, p < .001 and t(109) = -4.21, p < .001, satisfaction with their online social life for people with ASC is significantly higher than 4, t(109) = 5.52, p < .001.
To test the idea that CMC is positively related to well-being, we performed four regression analyses with intensity of CMC-use as a predictor variable for satisfaction with online social life, satisfaction with social life, satisfaction with life, and loneliness. In these analyses we used the score on the AQ to differentiate between people with and without ASC, because a continuous predictor yields a much more detailed picture and a statistically more robust result than a dichotomous predictor.
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The overall model for satisfaction with online social life was significant, F(3, 167) = 2.80, p = .042, R 2 = .05. The only significant predictor was CMC use, β = .21, p = .011. The more people make use of CMC, the more satisfied they are with their online social life. Given that there was no significant interaction with AQ, this relationship works in the same way for people with or without ASC. We should immediately note here that, given the correlational nature of our study, we cannot say anything about the direction of this effect. It can be the case that the more people make use of CMC, the more satisfied they get with their online social life, but also that people who are more satisfied with their online social life make more use of CMC. Also note that the AQ score was not a significant predictor of satisfaction with online social life, which is in line with the previous analysis, showing that satisfaction with one's online social life is independent of autistic traits.
The overall model for satisfaction with social life was significant, F(3, 166) = 17.22, p < .001, R 2 = .24. The only significant predictor was the AQ, β = -.48, p < .001. The higher someone scores on the AQ, the less satisfied they are with their social life. Given that there was no significant interaction with CMC use, this relationship is present in the same way for people regardless of how often they use CMC.
The overall model for satisfaction with life was significant, F(3, 166) = 26.02, p < .001, R 2 = .32. The AQ was a significant predictor, β = -.56, p < .001. The higher someone scores on the AQ, the less satisfied they are with their life. For this outcome, there was also a significant interaction between AQ and CMC use, β = -.14, p = .047. To interpret this interaction we standardized all scores and plotted the regression lines for high, mean, and low levels of the predictors (see Figure 2 ) and analyzed whether the simple slopes are significant for people who score high on the AQ (one SD above the mean) and people who score low on the AQ (one SD below the mean).
[insert Figure 2 here]
As can be seen, for people with low levels of AQ, use of CMC is slightly positively related to satisfaction with life, but this slope was not significant, b = .124, t = 1.05, p = .30.
For people with high levels of AQ, CMC was significantly negatively related to satisfaction with life, b = -.164, t = -2.12, p = .036. Again, we can only speculate about the causal direction of this effect. Either people with higher scores on the AQ who spend more time with CMC become less satisfied with their lives or people with higher scores on the AQ who are not very satisfied with their lives start to use more CMC (maybe to find like-minded people)
or there is a third variable which relates to both.
Finally, the overall model for loneliness was significant, F(3, 166) = 23.59, p < .001, R 2 = .30. The only significant predictor was the AQ, β = -.54, p < .001. The higher someone scores on the AQ, the lonelier they feel. Given that there was no significant interaction with CMC use, this relationship is present in the same way for people regardless of how often they use CMC.
In general, the analyses concerning the well-being scales show that people with ASC are less satisfied with their life, but that they are relatively satisfied with their online social life, indicating that they feel good about CMC. However, there was also a small negative effect in that people with ASC who use CMC frequently are actually less satisfied with their life. We will discuss the implications of these findings below.
Discussion
The current study is (as far as we know) the first study to compare CMC use in people with and without ASC. It contributes to our knowledge on CMC use and ASC in several different ways. First, we find that the frequency of use of CMC and the number of online contacts of high-functioning ASCs is greater than or equal to the control group. Second, we find that people with high-functioning ASC have more appreciation for textual, self-paced, 
CMC use and well-being
Our results suggest that people with high-functioning ASC who use CMC are at least as active online as other people that use CMC, and they report relatively high levels of satisfaction with their online social life. However, it is disputed whether such a high level of online activity is beneficial. Computers, games and the Internet are often regarded as harmful for the social development of children and adults, depriving them of time spent establishing social contacts using more conventional ways of interaction (Barak & Sadovsky, 2008; Bargh & McKenna, 2004; Finkenauer, et al., 2012; Kraut, et al., 1998; McKenna & Bargh, 2000; Sheeks & Birchmeier, 2007) . Indeed, we find that individuals who score high on autistic traits and spend a lot of time using CMC are actually less satisfied with their lives. However, we also find that people with ASC make new acquaintances and friends online, even more so than controls, and that people with ASC are relatively satisfied with their online social lives.
Our results imply that people with high-functioning ASC who use CMC show no lack of interest in social contact, and that they are able to build a satisfying online social life. All in all, people with ASC name and value advantages that help to mitigate their autistic impairments, while for controls aspects of convenience seem more relevant.
Additionally, people with ASC are more positive in their appreciation of CMC, as evidenced by their scores on the statements regarding CMC qualities and on the appreciation scale.
Limitations
The current study is the first to compare CMC use of people with and without ASC.
We found that, even though people with ASC tend to communicate less in general, their use of CMC is higher than that of controls. However, the use of a control group raises the question of whether the two groups are comparable, since we find significant differences on some demographic variables. Most of these differences can be explained because people with ASC tend to have lower levels of education given the same level of intelligence (Estes, Rivera, Bryan, Cali, & Dawson, 2011) , partly because they have more difficulties with the transition from school to higher education (VanBergeijk, et al., 2008) . The longer duration of CMC may be explained by the affinity many ASCs have for the Internet and computer based tools, or by the greater amount of time at hand (respondents with ASC have indicated being unemployed more often or having a disability allowance, possibly allowing them to spend more time online). Still, two main points for methodological improvement are (1) the recruitment method (participants self-selected into the study) and (2) the survey method (an online selfreport survey was used). For example, both ASCs and controls have been recruited through online social networks, personal contacts, patient group flyers, discussion forums, and e-mail.
Since participants in both groups self-selected into the study, we had no control over how this may have influenced their CMC use. For the ASC group recruitment emphasized online forums and patient groups, for the controls the personal and university network were the main recruitment channels.
A possible limitation of the scale used for the first hypothesis is inconsistent use of what respondents call "friend" or "acquaintance." We have allowed our subjects to use their own definitions of who they regard as "friend." Therefore, definitions of "friend" are likely to differ to some extent between subjects; we have not performed an analysis whether a bias existed. Also, we did not specify a time frame for this question, so if people with ASC started using CMC earlier in their life, this may explain why they gathered more acquaintances. We cannot rule out these alternative explanations, but still think that the friends and acquaintances acquired by ASC play a meaningful role in their lives, given the relative satisfaction with their online social life.
A possible further limitation lies in the use of the AQ. It meets with some resistance in the ASC community (e.g. AllieKat, 2011). Some participants stated in their comments that the questions are too stereotyped, and too much geared towards male autism. Also, the AQ is widely known, and freely available on the Internet. One respondent refused to fill out the AQ, because they were already acquainted with it and found it too biased towards autism stereotypes. Another disadvantage is that it is relatively easy to fill out the AQ in a way to avoid getting a high score. Still, we find scores that are very similar to those obtained in the original study by Baron-Cohen and colleagues (2001) , when the AQ was not yet freely available. The ASC group's mean AQ in our study is 34.68 (SD = 7.88) compared to a mean AQ score of 35.8 (SD = 6.5) in the original study. Our control group scores 13.59 (SD 8.10), compared to 16.4 (SD 6.3) in the original study. We therefore do think that the AQ still serves as a good instrument to identify autistic traits.
As this study focused on people who use CMC, our conclusions do not necessarily generalize to people who do not use CMC. We found that intensity of CMC use by highfunctioning ASCs was higher than in controls. However, our sample did not include people who do not use CMC. It could be that the proportion of non-users of CMC is larger among ASCs than among controls. It would be especially interesting to conduct further research among a more diverse population, including non-high-functioning ASCs, to study the use of CMC, for example controlling for the level of general intelligence in the ASC group and in the control group.
Another suggestion for future research may be to include the caregiver perspective of people with ASC. It may be that parents or other relatives are actually 'protecting' individuals with ASC by limiting or controlling 'friendships' by internet. It may be especially interesting to contrast whether and how CMC is appreciated and perceived by people with ASC and caregivers. Our data suggest that people with ASC benefit more from CMC than caregivers might think. VanBergeijk, E., Klin, A., & Volkmar, F. (2008) . Supporting more able students on the autism spectrum: College and beyond. Journal of Autism and Developmental Disorders, 38(7) , 1359-1370. doi: 10.1007/s10803-007-0524-8 Low represents -1 SD, Mean represents the mean value, and High represents +1 SD for both CMC use and AQ score.
Conclusion
Footnotes 1 Of course these websites are also of interest and probably also consulted by family members of people with ASC. However, given that we were able to easily recruit ASC participants via these websites indicates that people with ASC also frequently use these sites.
